INTRODUCTION
Histones are small, basic proteins that interact with the DNA double helix to form nucleosomes (Mcghee and Felsenfeld 1980) . There are five classes of histone proteins: H1, H2A, H2B, H3, and H4. The four core histones (H2A, H2B, H3 and H4) form an octameric assembly around which 146 base pairs of DNA wraps to form nucleosome (Kornberg and Thomas 1974) . Histone H1 binds to the linker DNA found between these nucleosomes, playing a role in the stabilization and formation of higher-order chromatin structure (Noll and Kornberg 1977) . The core histones are highly conserved across their entire sequences (Thatcher and Gorovsky 1994) , therefore the histone sequences can be used as molecular markers for classification of higher hierarchy.
The total number of histone genes in a species is variable. For example, the genomic sequence of Saccharomyces cerevisiae includes two genes for each histone (Goffeau et al. 1996) . Aspergillus nidulans has single genes encoding H2A, H2B, and H3 and two genes encoding slightly different H4 proteins (Ehinger et al. 1990 ). On the other hand, sea urchin has a few hundred copies of histone genes (Ingham and Davis 1988) . The histone genes are organized into tandemly repeating quintets of the five histones (Melfi et al. 2000) , formed into one or two large clusters (Wang et al. 1996) , or dispersed throughout the genome in small groups of one to few copies (Roberts et al. 1987) . For most histones are encoded by multigene families (Chaboute et al. 1993) , classification of histone gene families is important for their taxonomic application as molecular markers.
In this study, we report two putative histone H2A genes of a red alga Griffithsia japonica. We also examine phylogenetic relationship of histone H2As and their potentiality as a molecular marker.
MATERIALS AND METHODS

Strains and culture conditions
Griffithsia japonica was collected from Dolsan Island on the southern coast of Korea on 3 April, 1992, and cultured as described in a previous paper (Lee et al. 1995) . The samples were blotted with paper towel to remove extra moisture, quickly frozen in liquid nitrogen, and stored at -70°C until they were used.
Construction of cDNA library
Total RNA was extracted from G. japonica using the TRI reagent (Molecular Research Center, Inc. USA). Poly(A) + RNA was isolated using the polyATtract mRNA isolation kit (Promega, USA) according to the manufacturer's manual. After electrophoresis of 50 µg mRNA, the fragments with size ≥ 500 bp were purified from the agarose gel. The cDNA library was constructed from the purified mRNA using ZAP-cDNA Gigapack III Gold Cloning Kit (Stratagene, USA) according to the manufacturer's manual.
Excision and sequencing
The cDNA library was excised using ExAssist helper phage (Stratagene, USA). Each monoclone containing G. japonica cDNA was cultured in 3 ml LB, and plasmid DNA containing G. japonica cDNA was extracted with AccuPrep plasmid Extraction Kit (Bioneer, Korea). The purified plasmid DNA was sequenced with T3 or T7 primers using an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, USA). Vector masking, contig assembly, and Blast search were performed using GeneMaster version 2.0 (Ensoltek, Korea). Two cDNA clones for putative histone H2A genes were selected after random sequencing and similarity analysis.
Phylogenetic analysis
Histone H2A amino acid sequences were obtained from the histone sequence database (Sullivan et al. 2002;  http://genome.nhgri.nih.gov/histones/). Partial sequences, overlapped sequences, or long sequences were eliminated from the database. Total 38 histone H2A sequences of major eukaryotic organisms were finally selected ( Table 1 ). The selected histone H2A sequences were aligned using CLUSTAL-X ( Thompson et al. 1997) , and final alignment was checked by visual inspection. Phylogenetic analyses were conducted using MEGA version 2.1 (Kumar et al. 2001) . Phylogenetic trees were reconstructed from the distances using the ML-distance (minimum evolution) method using Poisson correction model. Bootstrap consensus tree was obtained with 1,000 replicates.
GenBank accession numbers
Protein sequences of G. japonica histones were deposited in GenBank under the accession numbers AAP80715 (gi 32401019) and AAP80716 (gi 32401021).
RESULTS & DISCUSSION
Two putative histone genes of G. japonica were isolated, and designated as GjH2A-1 and GjH2A-2. Nucleotide sequences of GjH2A-1 and GjH2A-2, and their deduced amino acid sequences were determined (Fig. 1) . Putative open reading frames for 124 amino acids started from the 5' end of the cDNA. Both GjH2A-1 and GjH2A-2 have Lee & Lee: Histone H2A Genes of Griffithsia japonica 193 putative polyadenylation signals with the consensus sequence of AATAAA. They have short 3' UTR (untranslated region), which reported from other G. japonica genes (Lee et al. 1998 (Lee et al. , 2002 ) G/C content of GjH2A-1 and GjH2A-2 was 60.0% and 51.9% in the coding region, which is similar with other G. japonica genes previously reported (Lee et al. 1998 (Lee et al. , 2002 . In the codon usage, GjH2A-1 was strongly biased to G and C in the third position: 81.6% of the third position in the codon was G or C, which is similar with other G. japonica genes previously reported (Lee et al. 1998 (Lee et al. , 2002 . Strong bias toward C or G in the third base of codons was also reported in human and mouse histone genes (Marzluff et al. 2002) .
The GjH2A-1 and GjH2A-2 shared high similarity with the previously reported amino acid sequences of histone H2As: the ORF shared 71-81% amino acid sequence identities to histones of representative animals, plants, fungi and green algae (Fig. 2) . They also have a motif consisting of seven amino acids A-G-L-Q-F-P-V, which matches the histone H2A motif [AC]-G-L-x-F-P-V. Phylogeny shows that the histone H2As are divided into two groups: major histone H2A and histone H2A.F/Z variants (Figs 3-4) . These tree topologies agree with previous phylogenetic analysis of histone H2A (Thatcher and Gorovsky 1994) . The histone H2A.F/Z variants are more closely related to each other than to the major H2As from the same species (Thatcher and Gorovsky 1994) .
The tree topology of major histone H2A except of H2A.F/Z variants are very similar to a eukaryotic phylogeny based on SSU rDNA sequences (Wainright et al. 1993) . Animals, plants, fungal and red algal histone H2As form monophyletic group, respectively (Figs 3-4) . The animal histone H2A has vertebrates (I), echinoderm (II), nematodes (III), insects (IV) and segmented worms (V) histone H2As (Figs 3-4) . The closest relative GjH2A-1 and GjH2A-2 of is plants and green algal histone H2A (Fig. 3) . But they can align with animal and fungal lineage in other phylogenies (data not shown). Bootstrap consensus tree shows that the GjH2A-1 and GjH2A-2 make an independent lineage (Fig. 4) . More data on red algal histone H2A sequences will decipher the relationship of red algal H2A and other eukaryotic H2As. Because the topology of major histone H2A phylogeny is similar to the eukaryotic phylogeny based on SSU rDNA sequences, histone H2A can be used as a molecular marker for classification of higher hierarchy. But for Lee & Lee: Histone H2A Genes of Griffithsia japonica 195 Fig. 3 . Phylogeny of histone H2A amino acid sequences from representative species. Thirty-eight histone H2A sequences were selected from histone database, aligned and used to construct a minimum evolution tree (see Materials and Methods). The scale bar indicates the branch length that corresponds to 0.05 substitutions per position. The histone H2As are divided into two monophyletic groups: major H2As and H2A.F/Z variants. The major histone H2As consist of animals, fungal, plants + green algal, and red algal H2A subgroups. The animal histone H2A is divided into vertebrates (I), echinoderms (II), nematodes (III), insects (IV) and segmented worms (V) histone H2As.
